Introduction
Melanoma is the most common and aggressive skin cancer. According to an annual report, in the USA, around 76,380 cases were diagnosed with melanoma and there were 10,130 deaths by the end of 2016. 1 Although primary melanoma could be cured via surgery with early diagnosis, the majority of melanoma, once clinically identified, is highly likely to be metastasized. 2 Therefore, understanding the potential underlying mechanisms for both tumorigenesis and metastasis of melanoma and seeking novel and effective melanoma treatment strategies are urgently necessary.
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Long non-coding RNAs (lncRNAs) are noncoding RNAs with various lengths, which range from 200 nucleotides to multiple kilobases. 3 As defined, with lacking protein-coding function, lncRNAs are uniquely expressed in differentiated tissues or various cancer types. 4 It modulates genes that do not code for proteins, accounting for .80% of genes, in both transcriptional and posttranscriptional levels, which is distinct from microRNAs (miRNAs) and other noncoding RNAs. It has been widely established that lncRNAs were involved in a large number of biological events, including proliferation, apoptosis, differentiation, tumorigenesis, and metastasis. Therefore, lncRNAs may be a new class of cancer biomarkers and therapeutic targets. A recent study showed that 48 lncRNAs were aberrantly expressed in melanoma. 5 Among them, an upregulated lncRNA LINC00888 that was coexpressed with 15 mRNAs might play a vital role during the tumorigenesis and metastasis of melanoma. LINC00888, located on chromosome 3, had the most coexpressed RNAs among the unregulated lncRNAs in the tumorigenesis of melanoma. 5 Specifically, 11 downregulated and two upregulated mRNAs were coregulated with LINC00888 between metastatic melanoma and normal tissues, suggesting that LINC00888 might be orchestra, a serial of key events to facilitate the tumor initiation, development, and metastasis. However, the biological function and the downstream signaling pathway of LINC00888 were rarely studied.
In this study, we attempted to determine LINC00888 expression in both tumor tissues and paired adjacent normal tissues in 28 patients with melanoma and identified any correlation between the level of LINC00888 and the survival months. In addition, we investigated the effect of LINC00888 on the proliferation, apoptosis, and invasion in human melanoma cells. Moreover, the potential downstream miRNA and target gene were identified using bioinformatics analysis and further confirmed using dual-luciferase reporter assay and Western blotting. Last, the tumorigenesis role of LINC00888 was also explored using tumor xenografts mouse model.
Materials and methods
Patients and clinical tissue samples
In total, 28 pairs of melanoma tumor samples and adjacent tissue samples were collected from specimens resected surgically from melanoma patients in the Zhejiang Provincial People's Hospital; 10% formalin solution was used to fix the tissue specimens, and paraffins were used to be embedded in the specimens. All the collected cases were diagnosed as melanoma pathologically without any preoperative radiotherapy and/or chemotherapy. Patients who donated their tissues signed informed consent, which has been approved by the institutional review board of the hospital. The following information of patients was collected, including the survival months. The informed written consents were obtained from the patients, and the study was approved by the First Affiliated Hospital of Nanjing Medical University Institutional Review Board.
experiment of sirna
Invitrogen Block-iT RNAi Designer (http://rnaidesigner. thermofisher.com/rnaiexpress/) was used to design three LINC00888 siRNAs as follows: siRNA1, 5′-ACTTAA TCCGATGAGAAATGC-3′; siRNA2, 5′-TGGAC ATGCCTCAGGTCTAGC-3′; and siRNA3, 5′-TAACTA GGGTACTAAGCCAGC-3′. The control siRNA 5′-TTTT AGCCTATGACCGTAATCA-3′ was used as a negative control (Thermo Fisher Scientific, Waltham, MA, USA). These siRNAs were provided by GenePharma (Shanghai, China). The A375-S2 cells were transfected with these siRNAs (50 nM) according to the protocol of Lipofectamine ® 3000 DNA Transfection Reagent (Thermo Fisher Scientific).
Plasmid constructs and establishment of stable cell lines LINC00888 transcript complementary DNA (cDNA) was amplified by polymerase chain reaction (PCR) and was inserted into pLenti6/V5-D-TOPO vector. To generate the lentivirus LINC00888 (lenti-LINC0088), the plasmid was further transfected into 293T cells using Lipofectamine 3000 DNA Transfection Reagent (Thermo Fisher Scientific). Later, the lentivirus particles were infected into A375-S2 cells, and the desired monoclonal stable cell line was further selected in selection medium.
cell culture
Human melanoma cell lines, A375-S2 cell lines, were purchased from American Type Culture Collection (ATCC, Rockville, MD, USA) and cultured in RPMI-1640 medium (Thermo Fisher Scientific) with 10% of fetal bovine serum (FBS; Thermo Fisher Scientific) in incubator (5% CO 2 humidified) at 37°C. A375-S2 cells were plated into the 24-well plate and then transfected with designed siRNAs or LINC00888 overexpression particles following the manufacturer's protocol.
Quantitative real-time Pcr (qrT-Pcr) 
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expression of linc00888 in tumor tissues reversed-transcribed from isolated RNA using the PrimeScript RT Master Mix (Takara Biotechnology, Dalian, China). To detect the expression levels of interest target genes using the SYBR Premix Ex Taq (Takara), qRT-PCR was performed on the ABI Biosystems (Thermo Fisher Scientific). The relative expression levels of target genes were normalized by 2 −ΔΔCt cycle threshold method to internal control (GAPDH). The reactions were performed at 95°C for 30 seconds, followed by 35 cycles of 95°C for 5 seconds, and 58°C for 30 seconds. The mean value of the LINC00888 expression was chosen as the cutoff between high and low LINC00888 expression groups in tumor tissues.
cell proliferation analysis
The proliferation of A375-S2 cells was measured by Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, Kumamoto, Japan) according to the manufacturer's instructions. Briefly, the cells were washed with PBS buffer (pH =7.4), harvested by trypsinization, and reseeded into a 96-well plate. Then, the plate was preincubated in a humidified incubator (37°C, 5% CO 2 ) for 0, 24, 48, and 72 hours. Next, 10 μL CCK-8 solution was added to each well of the plate, and the plate was incubated for 2 hours. The absorbance of each sample was measured at 450 nm using a microplate reader.
cell invasion assay
Cell invasion assay was performed with transwell chambers (8 μm pore size; Corning Incorporated, Corning, NY, USA), which were precoated with 200 μg/mL Matrigel ® (BD Biosciences, San Jose, CA, USA) and incubated overnight. Cells were pretreated with 1 μM mitomycin C for 1 hour and then harvested and suspended in serum-free medium in the upper chamber of a transwell plate. The upper channel was separated from the lower chambers with permeable 8.0-μm polycarbonate membranes. The lower chamber was added with 500 μL DMEM containing 10% FBS as a chemoattractant. After 24-hour incubation, cells remaining on the upper membrane which did not migrate were carefully removed. Later, the membranes were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet. The number of stained cells was manually counted under a phase-contrast inverted microscope from three randomly selected visual fields. Each experiment was conducted in triplicate.
Western blot
Total proteins were isolated from A375-S2 cells using protease inhibitor cocktail (Hoffman-La Roche Ltd., Basel, Switzerland). Protein concentrations were determined by bicinchoninic acid protein assay kit (Pierce, Rockford, IL, USA). Appropriate amounts of the protein were resolved by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis gel and transferred onto polyvinylidene fluoride membrane. The membrane was further blocked in Trisbuffered saline (pH =7.4) containing 0.05% Tween-20 and 5% nonfat dry milk. The following primary antibodies were used: GAPDH (#5174; Cell Signaling Technology, Danvers, MA, USA), CRK (610035; BD Biosciences), E-cadherin (#3195; Cell Signaling Technology), vimentin (#5741; Cell Signaling Technology), and PCNA (#13110; Cell Signaling Technology). GAPDH was served as the internal control. Chemiluminescence signals were detected incubated with horseradish peroxidase and secondary antibodies. The relative expressions of the proteins were valuated through the gray value ratio of each protein.
Flow cytometry analysis
The percentage of cell apoptosis was determined using flow cytometry. Briefly, cells were trypsinized without ethylenediaminetetraacetic acid followed by washing twice with PBS. The cells were then incubated with 5 μL of fluorescein isothiocyanate Annexin V (BD Pharmingen) and 5 μL of propidium iodide (BD Biosciences) in 400 μL of 1× binding buffer for 15 minutes at RT. FlowJo software (BD Biosciences) was used to analyze the data.
colony formation
A375-S2 cells were seeded in 6-well plates at 500 or 1,000 cells per well overnight, and then, the cells were treated with control or LINC00888 overexpression particles for 72 hours. Later on, the cells were washed with PBS, fixed in ice-cold methanol, and stained with crystal violet solution (0.5% in 25% methanol) for 8 hours. Then, the pictures of colony format were taken using a digital camera. Finally, the violet crystals were dissolved with 70% ethanol, and absorbance (595 nm) was measured with microplate reader.
Target prediction
In order to predict the interactions between miRNAs and their target genes, the conserved miRNA target sites predicted by five algorithms (TargetScan, miRanda, Pictar2, PITA, and RNA22) from public databases were retrieved by starBase Version 2.0. 
Dual-luciferase reporter assay
The cells were cultured overnight until 60%-70% confluence. To determine the transcriptional level of LINC00888, A375-S2 cells were cotransfected with pmirGLO or submit your manuscript | www.dovepress.com
Dovepress
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lu et al pmirGLO-LINC00888. To detect the transcriptional level of CRK, the cells were cotransfected with LINC00888 siRNA2 with or without miR-126 inhibitor (20 nM) . Similarly, the cells were cotransfected with lenti-LINC00888 with or without miR-126 mimics (20 nM). Lipofectamine 3000 (Thermo Fisher Scientific) was used as a transfection agent. The cells were harvested for luciferase detection using the dual-luciferase reporter assay (Promega, Madison, WI, USA) 48 hours posttransfection. The miR-126 mimics and inhibitor were provided by GenePharma (Shanghai, China).
Tumor xenograft in vivo model
Next, 5-to 6-week-old BALB/c nude mice were purchased from the animal center at Vital River (Beijing, China) and maintained under pathogen-free conditions according to the protocols. The animals from this study were approved by the Institution of Animal Ethical and Welfare Committee. The effects of LINC00888 on tumor growth were determined using A375-S2 cells stably transfected with lentivirus LINC00888 or lentivirus vector. The mice were injected with 1×10 7 treated A375-S2 cells into posterior flank of each mouse subcutaneously. To examine the impact of LINC00888 on tumorigenesis, tumor weights were measured and pictured at day 28 after the cell injection. This animal study was approved by the Animal Ethics Committee of the First Affiliated Hospital of Nanjing Medical University. In addition, Guide for the Care and Use of Laboratory Animals (8th edition) was strictly followed by us for animal study.
statistics All values were described as the mean ± SD. Results were further analyzed using the statistical software SPSS 22.0. Student's t-test or log-rank test was also performed when necessary. A two-sided p-value ,0.05 was considered as statistically significant.
Results
linc00888 was upregulated in melanoma tumor tissues compared with adjacent normal tissues
The qRT-PCR was performed to measure the expression level of LINC00888 in a total of 28 pairs of tumors and adjacent normal tissues. The results suggested a significantly higher level of LINC00888 in tumor tissues, compared with corresponding adjacent normal tissues ( p,0.01; Figure 1A ). In addition, the Kaplan-Meier analysis and the log-rank test revealed that the 4-year overall survival in melanoma patients with a high expression of LINC00888 was notably shorter than that in those with low expression of LINC00888 (p,0.05; Figure 1B ). Moreover, as showed in Table 1 , higher LINC00888 expression was observed more frequently in patients with bigger size melanoma and advanced lymphatic metastasis. The results showed that LINC00888 expression levels were significantly upregulated in melanoma tissues compared with normal tissues and strongly associated with the survival time of patients diagnosed with melanoma.
Knockdown of linc00888 inhibited melanoma cell proliferation and invasion
To assess the biological function of LINC00888 on melanoma cells, three siRNAs (siRNA1, siRNA2, and siRNA3) were designed to knockdown the expression of LINC00888. The qRT-PCR was performed to detect the knockdown efficiency of the LINC00888 siRNAs in A375-S2 melanoma cells. Figure 2A indicated that the knockdown efficiency of siRNA2 and siRNA3 was significantly higher than that of Time (months) Figure 2C and D). Furthermore, it turned out that LINC00888 knockdown led to a notable reduction of cellular invasion in 24 hours ( p,0.01; Figure 2E and F). Meanwhile, epithelial-mesenchymal transition (EMT) special markers E-cadherin and vimentin were detected with Western blot. Inhibition of LINC00888 inhibited EMT, while overexpression LINC00888 exerted the opposite effect ( Figure 2G and H). All these observations suggested that knockdown of LINC00888 was able to inhibit the cellular proliferation and invasion.
Overexpression of linc00888 enhanced a375-s2 cells invasion and colony formation
Having checked the impact of LINC00888 knockdown on A375-S2 cell proliferation and apoptosis, we further attempted to determine the biological effects of LINC00888 overexpression. We first checked the relative expression of LINC00888 in A375-S2 cells transfected with overexpression of lenti-LINC00888 or control. As shown in Figure 3A , transfection of lenti-LINC00888 induced a high level of the negative control siRNA or siRNA1 ( p,0.01 and ,0.05, respectively). Since siRNA2 had the highest knockdown efficiency, which was selected for the following experiments. Next, the impact of LINC00888 on cell proliferation was investigated with CCK8 assay. As shown in Figure Figure 3B ). In addition, the results of Figure 3C and D suggested that overexpression of LINC00888 enhanced the cell invasion in the melanoma cells. Moreover, overexpression of LINC00888 not only increased EMT ( Figure 3E and F), but promoted A375-S2 cell colony formation ( Figure 3G and H). All these data were consistent with previous assays.
linc00888 regulated the melanoma cells via suppressing mir-126-5p level
Recently, compelling evidence has demonstrated that lncRNAs contain the motif which is complementary to the sequence of miRNAs. In order to uncover whether LINC00888 could interact with miRNAs, starBase Version 2.0 was used to predict potential interact miRNAs. 6, 7 By searching this database, we found that miRNA-126 (miR-126) got the highest score and might interact with LINC00888 ( Figure 4A ). To experimentally confirm this result, qRT-PCR was performed to determine miR-126 expression in the condition of LINC00888 knockdown in A375-S2 cells. We found that miR-126 level was significantly elevated in the cells transfected with LINC00888 siRNA2, compared with control group (p,0.01; Figure 4B ). In contrast, upregulation of LINC00888 exerted an inhibitory effect on miR-126 expression in the cells ( p,0.01; Figure 4C ). To further determine the direct interaction between miR-126 and LINC00888, dual-luciferase reporter assay was performed. The data showed that LINC00888 level was significantly decreased in the cells treated with miR-126 mimics ( p,0.01), while there was little impact on the expression of LINC00888 mutant in cells with miR-126 mimics ( Figure 4D ). These results strongly suggested that LINC00888 promoted the melanoma tumorigenicity via directly interacting with miR-126.
Mir-126 restored linc00888-induced cell proliferation in melanoma cells via targeting crK
We next used starBase Version 2.0 to identify the possible targets that could be responsible for the impact of miR-126. The results indicated that v-crk sarcoma virus CT10 oncogene Figure 4E ). CRK is a key adaptor molecule of migration and adhesion, which has been involved in various intracellular signal pathways related to cell adhesion, proliferation, and migration. Therefore, dual-luciferase reporter assay was used to further validate the interaction between miR-126 and CRK. As shown in Figure 4F , LINC00888 siRNA2 resulted in a significantly reduced CRK expression ( p,0.01), which was dramatically reversed by miR-126 inhibitor. In contrast, overexpression of LINC00888 led to remarkable increased luciferase activity in linc00888 promoted a375-s2 tumor growth and eMT in vivo via increasing crK protein expression
To determine whether LINC00888 could enhance tumor development and progression in vivo, A375-S2 cells transfected with lenti-LINC00888 or empty lentivirus were subcutaneously injected into nude mice, respectively. All the mice were sacrificed at day 28 after the cell injection. The results indicated that the tumors formed in lenti-LINC00888 group were significantly larger and heavier than those in control group ( Figure 6A and B) . In addition, LINC00888 overexpression promoted A375-S2 tumor growth and EMT in vivo via the upregulation of CRK protein ( Figure 6C and D) . All these data revealed that overexpression of LINC00888 was able to promote melanoma tumorigenesis in vivo via increasing CRK protein expression.
Discussion
In this study, we demonstrated the oncogenic role of LINC00888 in both clinical melanoma samples and melanoma cell lines. First, we identified a remarkable elevated level of LINC00888 expression in melanoma specimens compared with adjacent normal tissues. Clinical observation further showed that 4-year overall survival in patients with low level of LINC00888 was improved compared with patients with a high level of LINC00888. LINC00888 enhanced cellular proliferation, invasion, and EMT but inhibited the cellular apoptosis in melanoma cells. Furthermore, LINC00888 regulated the melanoma cells via suppressing miR-126-5/CRK axis, as LINC00888 was able to regulate miR-126 expression and further modulate the transcriptional and translational levels of CRK. Last, the tumor xenografts study further demonstrated that LINC00888 enhanced the tumor development in vivo. Thus, given the above results, we reasoned that lncRNA LINC00888 functioned as an oncogene in melanoma tumorigenesis and metastasis, which could be a promising molecular target for treating melanoma.
Dysregulation of miRNAs has been linked with suppression or progression of initiation, differentiation, development, or prognostic biomarkers for melanoma. [8] [9] [10] Derived from a common precursor at chromosome 9q34.3, miR-126 is derived from epidermal growth factor-like domain 7 (egfl7) genes, which is important for vascular system development and highly expressed in vascularized tissues. 11 The expression of miR-126 is produced by EGFL7 pre-mRNA splicing submit your manuscript | www.dovepress.com
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lu et al and modulated by gene promoter of EGFL7. 12 Although we did not determine the miR-126 expression in melanoma, substantial different expression of miR-126 has been reported to be downregulated in various types of cancer, [13] [14] [15] [16] including lung cancer, 15 gastric cancer, 16 leukemia, 17 thyroid cancer, 18 and melanoma, 19 possibly through the induction of cell arrest in G0/G1 phase. 20 This is consistent with our hypothesis that elevated LINC00888 expression facilitates melanoma development via direct downregulation of miR-126 expression. A previous study also suggested that in melanoma cell lines, miR-126 may serve as a tumor suppressor via direct or indirect regulation of several important oncogenic molecules, such as ADAM9 and MMP7. 19 Therefore, miR-126 might suppress melanoma development through inhibiting angiogenesis. 21 However, the detailed mechanisms of miR-126 as a tumor suppressor in melanoma remained unclear, and more investigations are needed.
CRK is the predicted and further validated target gene for miR-126 in previous and present studies. 15, 16 As a member of a family of master modulators of migration and adhesion in many cell types, CRK was involved in various intracellular signal pathways that modulating cell adhesion, proliferation, and migration. In lung cancer cells, CRK knockdown induced an evident decreased cancer cell adhesion, migration, and invasion, suggesting a critical role in tumorigenesis. Recently, it was shown that CRK proteins can selectively regulate T-cell adhesion and migration into effector sites, which is consistent with our observation in melanoma cells. 22 In addition, CRK also plays an important role in various types of cancer, including gastric cancer, 16 breast cancer, 23 and lung cancer. 24 For example, CRK expression could be functioned as an independent prognostic factor for patients with gastric cancer. 16 It was suggested that CRK received oncogenic signals from PRAS, and therefore, PARK1/CRK axis is a prominent prooncogenic pathway in nonsmall cell lung cancer. 24 Therefore, CRK protein could be also essential in melanoma development and progression, while the underlying molecular mechanisms in the melanoma need further investigation.
MiR-126/CRK axis has been highlighted in gastric cancer. 16, 25, 26 It was suggested that miR-126 can suppress the gastric cancer cell by targeting three genes simultaneously, PI3KR2, CRK, and the PLK2. 25, 26 The combined panel of miRNA-126 and CRK expression may function as an independent prognostic biomarker for patients with advanced gastric cancer. In addition to CRK protein tested in this study, previous bioinformatics analysis highlighted that a simultaneously downregulated gene of LINC00888 is basonuclin 1 (BNC1), 5 a zinc finger transcription factor that was able to activate many known targets, and the absence of BNC1 enhances the metastasis of breast cancer. 27 Although we did not test BNC1 protein expression in this study, it will be interesting to determine any direct association of LINC00888, BNC1, and CRK protein in the context of melanoma in future.
It is well established that lncRNAs can modulate the downstream target genes by various approaches at both transcriptional and posttranscriptional levels. 28 Indeed, it has been widely established that lncRNAs are linked with clinicopathogenesis and prognosis of malignant tumors, including tumorigenesis, metastasis, migration, and drug resistance. [29] [30] [31] The lncRNAs can orchestrate complex mechanisms on many important cancer phenotypes, including epigenetic regulation of protein-coding genes and dysregulated noncoding RNAs. Indeed, in our study, LINC00888 was found to enhance the melanoma development and metastasis by downregulating the expression of miRNA-126 and further modulating target CRK protein. These findings indicated that LINC00888 may serve as a new prognostic biomarker for melanoma and might be also functioned as a potential target for cancer therapy.
Conclusion
For the first time, the present study highlighted the potential clinical utility of LINC00888 as a novel prognostic biomarker for melanoma patients. We validated the clinical significance of LINC00888 not only from the clinical samples but also from cellular and molecular level. We concluded that LINC00888 could regulate the cellular proliferation and invasion via miR126/CRK signaling pathway and thus play an essential role in melanoma initiation, development, and metastasis.
